Abtra~ The structure of 3,4-dihydropyrrolo[ 1,2-a]pyrazine and its N-protonated form is studied by ab initio calculations. Examples of the re, activity of this poorly studied system are presented in which it is shown that the imino moiety does not react with dienes but does undergo inter-and intramolecular 1,3-dipolar cycloadditions by reaction of azomethine ylides of this bicyclic system with suitable dipolarophiles.
INTRODUCTION
The 3,4-dihydropyrrolo[ 1,2-a]pyrazine 1 is the only known dihydroderivative of the pyrrolodiazine system ~ and its synthesis is reported in poor overall yield. 2 In the first report in this series we demonstrated that 1 could be prepared in an acceptable yield and transformed into some 2,2-biazole derivatives 2 and heterobetaines 33 despite its considerable instability. Bond lengths arc in angstroms and bond angles m degrees 
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The azomethine ylide 10, generated from 4a in a two-phase system, reacted with DMAD to yield a mixture of three compounds 11-13. Although the three components of the mixture could not be separated by chromatography, JH NMR revealed the presence of the expected cycloaddition product 11, along with the more stable isomer 12, resulting from a 1,3-hydrogen shift. Both compounds oxidize easily to the major product, 13, and consequently this was the only compound to be chromatographically isolated. This was also the only compound obtained when the mixture was oxidized with DDQ in CH2CI 2. This compound which is ubiquitous, albeit in low yield, in all reactions involving the ylide 10 is formed by head-totail dimerization of this ylide, a favoured process when the iminium moiety, not integrated in the aromatic ring, shows high electrophilic character. Similar self-condensation reactions have been previously observed in the chemistry of related ylides.~'9
The stereoselectivity of the cycloaddition reaction of the ylide 10 was also studied using electron-poor alkenes. In the case of the reaction of 4a with dimethyl fumarate, a mixture of the trans 1,2-dicarboxylic esters 19
and 20 was obtained in 31% and 21% yields respectively. The structure of these compounds was elucidated with More unusual products were formed from the reaction of 4a with heterocumulenes such as isothiocyanates and carbon sulphide. In the first case, the reaction of the ylide of 4a with methyl-and phenyl isothiocyanate would normally be expected to produce the corresponding heterobetaines 23, presumably via 22, as we previously found with pyrrolo[1,2-a]pyrazinium ylides 1° and phenacyl salts of4a 3 In this case, however, the structure of the products is consistent with the heterobetaines 25 which must be formed by initial attack of C-1 on the heterocumulene followed by cyclization of the intermediate 24 thus generated.11 This change in the regioselectivity between the phenacyl and ethoxycarbonylmethyl ylides is associated with the acidities of the hydrogens of the methylene groups in both compounds. Although the acidities are not known, those corresponding to the analogous pyridinium derivatives were reported by Bordwell and col. 12 to have pK values of 14.10 for the ethoxycarbonylmethyl pyridinium salt and 10.7 for the phenacylpyfidinium salt. In the light of this, differences in the ease of deprotonation between both salts are to be expected, which might affect the regioselectivity of the attack, especially if the intermediate is involved in a favourable intramolecular cyclization proccess. Whether the change in the regioselectivity observed between 4a and the corresponding N-e~hoxycarbonyl-pyrrolo[ 1,2-a]-pyrazinium salt could be associated with the electronic differences in both systems is not obvious, and the unusual behaviour should be further investigated. On the other hand, the ketene diacetal 27 or the precursor ylide 26, which were the compounds expected from the reaction of 4a with carbon sulphide/methyl iodide u''a were not detected, with the tricyclic derivative 28 being isolated in moderate yield. Here, the non-aromatic character of the dihydropyrazinium ring would explain the electrophilic behaviour of the C1 position towards intramolecular attack of the sulfur atom, to give rise to 28. Both the nucleophilic character of the imine nitrogen and the lack of aromaticity of the pyrazine moiety in 1 explain the high yield of 30 (61%) obtained in the reaction with DMAD. However, when 1 was tested as a dienophile in Diels-Alder processes with electron-rich dienes no traces of cycloadducts were detected. Under prolonging heating or Lewis acid catalysis, 1 extensively decomposed or gave polymeric materials. Electronpoor dienes were also tested and gave the same results.
Finally, intramolecular cycloaddition was also examined with different acetylenic and olefinic salts 32 and 33 which are suitable for intramolecular reactions. Salts 32 were prepared by N-alkylation of 1 with methyl 4-(iodoacetoxy)-2-butynoate (32a), 2-pentynoate TM (32b) and 3-iodoacetoxypropyne (32c) while 33 was obtained from the reaction of I and 3-[2-(iodoacetoxy)phenyl]acrylate. 3 The treatment of salts 32a,b with K2CO 3 in dry MeCN, afforded the expected tetracyclic compounds 35a,b, albeit in low yields (24% and 30% respectively). All our attempts to improve the yields were unsuccessful since these salts seem to be rather unstable either under the two-phase liquid-liquid conditions or by refluxing in toluene or xylene under basic or neutral conditions. However, salt 32c, in which the acetylene was not activated by the presence of a carboxylate group, produced under the same conditions dimeric products related to 18, with none of the expected cycloadduct being detected, gefluxing this salt in xylene gave similar results. As with 32c, the attempted intramolecular process with the ylide generated from 33 afforded dimeric products as the main components of a complex reaction mixture. 
Scheme 7
In conclusion, the structure of the 3,4-dihydropyrroio[1,2-a]pyrazine 1 and its protonated form has been studied by ab initio calculations. The existence of a cyclic imine conjugated with a pyrrole moiety seems to generate a system which possesses a high electronic density nitrogen, which on quaternization should produce salts with a highly reactive carbon in the a-position. The isolation and purification of 1, as reported here, allowed the preparation of suitable salts which could be employed in either inter-or intramolecular cycloadditions (4a , 5.37; N, 7.86. Found: C, 40.26; H, 5.39; N, 2 ', pyrazine (ra) .To a mixture of 0.15 g (0.42 mmol) of 4b in 10 mL of dry DME was added 64 mg (0.42 mmol) of CsF and 35 mg (0.42 mmol) of methyl propiolate.
2-[(Ethoxycarbonyl)methyl]-3, 4-<iihydropyrrolo[1,2-a]pyrazinium Bromide
The mixture was refluxed under argon overnight. CH2C!2 was then added and the organic phase was washed with H20 and brine (2x10 mL). The organic extracts were dried over Na~SO4, filtered and evaporated to dryness. The oily residue was chromatographed using CH2C! 2 as eluent to give 16 mg (18%) of 6a as a pale yellow oil. 1H-NMR (CDCI3) 6 7.31 (dd, IH, J=l. , 5.59; N, 12.95. Found: C, 66.49; H, 5.64; N, 12.67. 1, 2', l'c] pyrazine (6b). To a mixture of 0.15 g (0.42 mmoi) of 4b in 10 mL of dry DME was added 64 nag (0.42 mmol) of CsF and 60 mg (0.42 retool) of DMAD The mixture was refluxed under argon overnight. CH:CI 2 was then added and the organic phase was washed with H20 and brine (2x10 mL). The organic extracts were dried over Na2SO 4 then filtered and evaporated. The oily residue was chromatographed (hexane-EtOAc, 1:1) and the eluates rechromatographed (CH2Ci2) to give 21 mg (18%) of 6b as a colourless oil. ~H-NMR (CDC%) 6 7.14 (s, 1H, I-I3); 6.86 (dd, IH, J=l. 
Generation of salt 4c and reaction with methyl propiolate
To a solution of 0.23 g (1.1 mmol) of MSH in 5 mL of dry CH2CI 2 at 0°C, was added 0.1 g (0.85 mmol) of l. After stirring for 5 min, 0.46 g (3.39 mmol) ofK2CO 3 and 0.22 g (2.5 mmol) of methyl propiolate were added.
After stirring forl5 h at room temperature, the precipitate formed was filtered and washed with CH2Cl 2. The filtrate was dried over Na2SO 4 and evaporated to dryness. The residue was chromatographed (hexane-EtOAc 7:3) and the eluate subjected to a second chromatographic process (CH2C]2) affording 8 (14 mg, 8%) as a yellow oil. 2, 5, pyrrolo [2,l-c] pyrazine (8) . lH-NMR (CDCI3) 6 6.82 (d, 1H, J=l.l Hz); 6.51 (t, lH, J=2Hz); 6.16 (dd, 1H, J=2. l- pyrrolo [2,1-c] pyrazme ( To 0 25g (0.87 mmol) of 4a in 15 mL of dry CH3CN were added 308 mg (2.17 mmol) of DMAD and 480 mg (3.48 mmol) of anhydrous K2CO3. After stirring for 20 h at room temperature, the precipitate was filtered off and washed with CH2C% The organic liquids were dried over Na2SO4 and evaporated and the oily residue was chromatographed. Elution with hexane-EtOAc (9:1) gave a mixture of the dihydroderivatives 11, 12 and the aromatized compound 13, 183 mg (61%). Treatment of the mixture with DDQ (120 rag, 0.52 mmol) in 10 mL of CH2CI 2 for 2 h gave 13 exclusively (146 mg, 81%) as a pale yellow solid. 2 ', pyrazine ( 13 ) . Mp 96-97 ° C (EtOH); tH-NMR (CDCI3) 6 7.38 (dd, IH, J=l.5 H_z, 6.77 (dd, 1H, J=25 Hz); 6.28 (dd, 1H, J=25 Hz, J=4.0 Hz); 4.78 (t, 2H, J=6.1 Hz); 4.28 (q, 2H, J=7.2 Hz); 4.22 (t, 2H, J=6 .1 Hz); 1.33 (t, 2H, J=72 Hz) ppm; IR (KBr) Vm~ 1705 Vm~ , 1439 Vm~ , 1257 Vm~ , 1208 MS m/z (tel int) 346 (M +, 100), 301 (16), 243 (57), 211 (36), 184(38 ) . Anal. Caled for C~HIgN2Os: C, 58.96; H, 5.24; N, 8.09. Found:C, 58.76; H, 5.12; N, 7.89. Reaction of 4a with alkyl propiolates To 0.2 g (0.69 mmol) of 4a in 12 mL of dry MeCN were added 0.38 g (2.78 mmol) ofK2CO 3 and 1.04 mmol of methyl or ethyl propiolate. The reaction mixture was stirred at room temperature for 24 h. Then the precipitate formed was filtered and washed with CI-I2C12 (3x5 mL). The combined organic extracts were dried over Na2SO4 and evaporated. Chromatography of the residue using a mixture of hexane-EtOAc (9:1) as eluent gave the corresponding cycloadducts 14a,b and the dimeric derivative 18.
3 6. dihydropyrrolo[1, 2 ', 1 " c] 14; 121.97; 120.82; 120.22; 113.11; 109.53; 60.27; 51.14; 43.78; 43.05; 14.36 , 5.59; N, 9.72. Found: C, 62.36; H, 5.35; N, 9.48. 1, 2', 6.00; N, 9.27. Found: C, 63.11; H, 6.43; N, 8.98. 8, 6, 8, 8a, 13, 14, 16, pyrazinio [2,1 -a: 2 ", 1 '-d] , 6.84; N, 13.58. Found: C, 63.87; H, 6.90; N, 13.47 .
Reaction of 4a with acryionitrile
To 0.4 g (1.39 mmol) of 4a in 15 mL of dry MeCN was added 0.77 g (5.57 mmoi) ofg2co 3 and 110 nag (2 mmol) ofacrylonitrile. The reaction was stirred for 30 h at room temperature, the precipitate formed was filtered off and the organic phase dried over Na2SO4 and evaporated under reduced pressure. Chromatography of the residue using hexane-EtOAc (8:2) as eluent gave a mixture of the tetrahydroderivatives 15 and 16 (144 mg, 81%). Chromatography of the mixture allowed the separation of 33 mg of 15 as a colourless oil. Treatment of the mixture of 15 and 16 with DDQ (252 mg, 1.11 mmol) in 5 mL of CH2CI2 for 1 h afforded the aromatized derivative 17 (88 mg, 62%) as a white solid.
1- Cyano(1R, 2, 3, 5, 6, 2; pyrazine 1(+)151. ~H-NMR (CDCI3) 6:6.61 (t, I H, J=2Hz); 2H); 4.60 (d, 1H, H~0b, J=5.9 -3-ethoxycx~bonyl-5, 6-dihydrodipyrrolo[1, 2 -a; 2 ', 1 '-c] , 5.13; N, 16.46; Found : C, 65.54; H, 5.18; N, 16 .29.
Reaction of 4a with dimethyl fumarate
To a mixture of 0.4 g (1.4 mmol) of 4a in 15 mL of dry MeCN was added 0.77 g (5.57 mmol) of anhydrous K2CO 3 and 0.24 g (1.67 mmol) ofdimethyl fumarate. The reaction was stirred at room temperature for 30 h. Then, the precipitate was filtered and washed with CH2CI 2. The combined organic phases were dried over Na2SO 4 and evaporated under reduced pressure. The oily residue was chromatographed using hexane-EtOAc (1 : 1) as eluent to give a 60:40 mixture of 19 and 20. Recrystallization of the mixture from ethanol gave 19 as a white solid (150 mg (31%). From the mother liquids compound 20 was isolated as a colourless oil (100 nag, 21%), 1, 2S, 2R, 2, 3, 5, 6, 2', pyrazine [(±)-19] . Mp 106-108°C (EtOH); ~H-NMR (CDCI3) 6 6.55-6.51 
